Objective. To assess the reliability and responsiveness of gait speed, cadence and stride length at two self-selected speeds (SSS) in subjects with rheumatoid arthritis (RA).
The simple analysis of gait speed, cadence and stride
The responsiveness of a measurement is inversely length has the potential to be utilized as either an related to the level of variability in within-subject differobjective outcome measure of physical function for ences score in stable subjects [8] . Potential responstherapeutic intervention, a tool to assess an individual's iveness can be increased by reducing the amount of deviation from normal or a method to document disease 'noise' or random measurement error [9] , which can be progression quantitatively in a particular population.
effected by taking the average score from several trials Many studies rely on self-report questionnaires to assess at each assessment session [10] . A reliability study physical function. Whilst these questionnaires have carried out on postural control with stroke patients proven validity and reliability for patients of specific demonstrated that even second trials within a session demographic backgrounds, it has been shown that the provided more stable data [11]. It is intuitively plausible level of validity, reliability and comparability across that using several short walks would reduce the dependstudies of self-report questionnaires is related to the ence on cardiovascular or pulmonary co-morbidities in affective status, cognitive skills [1] , cultural background comparison with a single longer walk. The mean score [2, 3] and written language comprehension skills of derived from the shorter walks would be more stable the subjects. When assessing interventions in which and indicative of musculoskeletal status. It is also probit is difficult to mask subject allocation (e.g. surgery, able that use of automated timing with micro-optical podiatry, occupational or physical therapy), it is particusensors, as opposed to manual stopwatch timing, would larly important to have outcome measures less influenced further reduce the random measurement error. The by a placebo or a Hawthorne effect.
reported poor responsiveness of the 50 foot walk time Previous studies have suggested that gait speed (in to significant changes may therefore have been the result the form of the 50 foot walk time), whilst a 'fairly' of an unacceptable level of 'noise' caused by the 50 foot reliable measurement, is not sufficiently responsive to walk time's dependence on cardiovascular or pulmonary short-or medium-term change to be considered a useful co-morbidities, the use of an initial assessment session outcome measure [4] [5] [6] . A study assessing a shorter 25 as a baseline, as well as the inherent limitations of foot walk was reported to show 'excellent interobserver manual timing. and intra-observer reliability', but unfortunately this
The aim of this study was to test the hypothesis that reliability was demonstrated only within a 1 day by taking a mean of several short walks, automatically period [7] .
timed, the gait variables of speed, cadence and stride length would provide outcome measures with a good reliability for subjects with rheumatoid arthritis ( RA). and filtered by a threshold detector with a positive criteria were enrolled in a study assessing the effectfeedback loop before being fed into the microcomputer iveness of off-the-shelf orthopaedic footwear [12] . This for conversion into a digital form. Simple software sample had a mean age of 60.39 yr (range 25-82) and programs then extract the relevant gait variables. a mean disease duration of 15.84 yr (range 3-40). The subjects were stabilized on medications for at least 1 Data analysis month prior to and during the assessment period. All
The sample size was estimated by power analysis relating eligible subjects agreed to participate in this preliminary to the footwear study for which these subjects were reliability study prior to randomization for the footwear subsequently randomized [12] . study and signed an informed consent. The study was
To analyse the criterion validity of quantitative gait approved by the Southern Sydney Area Health Service analysis as a measure of physical function in this sample, Ethics Committee.
multiple regression was performed with the HAQ score as dependent variable and gait speed, walk pain, age, Assessments sex and disease duration entered in a stepwise procedure, Subjects were assessed three times with an interval of if initially demonstrating significant univariate associ-1 week between each assessment session [13] .
ation with the HAQ score. Assessments were undertaken at the same time of day Univariate repeated measures ANOVA or paired for each subject and subjects were asked to standardize, t-tests, to analyse the magnitude of any systematic for the study, the time interval between ingestion of changes, were performed on the inter-session HAQ and pain-relieving medications and assessment. Subjects walk pain scores, the intra-session gait variables (trials wore their own same footwear at each assessment ses-1-5) and the inter-session gait variables. sion. The testing sequence was non-random: subjects
The significance level was not lowered for multiple initially supplied their demographic details, completed comparisons as this was a reliability study and therefore the self-report questionnaires and then proceeded to the the priority was to avoid concluding no change between gait analysis. measurements when change did exist ( Type II error). Walk pain on level ground was self-reported on Intraclass correlation coefficients [ICC(2,1)] were cal-100 mm visual analogue scales ( VAS ) separately for culated to determine the relative reliability of the intraeach lower limb. Physical function was assessed using and inter-session gait variables. the Stanford Health Assessment Questionnaire (HAQ).
The within-subjects standard deviation of the differThe quantitative gait variables of speed, cadence and ence scores was calculated to provide an indication of stride length were analysed using an 8 m electric footpotential responsiveness of the gait variables [8] . switch walkway. One initial test walk was undertaken Data were analysed with the Statistical Package for at an unspecified speed to check for possible walkway the Social Sciences (SPSS/PC+ Version 4.0, copyright hindrances. Subjects were then asked to 'walk at a pace SPSS Inc., [1984] [1985] [1986] [1987] [1988] [1989] [1990] ) and ICC.EXE (public domain that you consider normal' at each of the first five normal software available from Dr Roger Adams, Faculty of self-selected speed (SSS ) trials and then to 'walk at a Health Sciences, University of Sydney, PO Box 170, pace that you consider fast' at the next five fast SSS Lidcombe 2141, Australia). trials. No other cueing or verbal encouragement was given. Subjects had approximately a 30 s standing pause Results between each trial. The gait variables analysed were mean speed (cm/s), cadence (steps/min) and mean stride Criterion validity length (cm). The system, which has a sampling rate of
In analysing the criterion validity of quantitative gait 100 Hz, is based on one designed by Larsson et al. [14] analysis, the gait speed score used was a mean of trials and is similar to the footswitch system described by 2 and 3 from the first assessment session. A plot of the Walsh [15] . It consists of the level walkway, footswitches, trailing leads supported by an overhead pulley system running on a low-friction aluminium curtain variables are determined from the current generated (1-100 mm) when the small brass clips attached to the subject's shoes fifth metatarsal and the toe) contact the walkway. To and 100 representing maximum pain on level walking) and the HAQ score (ranging from 0 to 3, with higher scores representing greater disability) for the three to metres per second, steps per second and metres to be more comparable to much of the published literature assessment sessions are given in Table 1 . Repeated measures ANOVA analysis demonstrated no significant to date. The gait variables were initially analysed for intradifferences between the three sessions and established symptom stability in this sample over the assessment session reliability. The results of repeated measures ANOVA analysis and ICC(2,1) are given in Table 2 . period.
Although the electric footswitch system used in our There were no significant systematic changes and the lower 95% confidence limit (CI ) for the ICC(2,1) (ranstudy provided analysis in centimetres per second, steps per minute and centimetres for walking speed, cadence ging from 0.79 to 0.96) demonstrates the high-level intra-session reliability for each of the gait variables. and stride length, respectively, the data were converted T 5. Inter-session within-subject standard deviation (..)
Inter-session 1-2
Inter-session 2-3 Mean trials Within-subject .. Within-subject .. The gait variables were next analysed for inter-session validity was demonstrated by a previous study at this centre which established that subjects with RA have a reliability. On the basis of the above analysis of insignificant intra-session changes and given the a priori aim markedly slower gait speed and cadence, and shorter stride length, than controls matched for sex, age and of optimal limitation of subject burden, it was decided to limit further analysis to the first three trials. Given height [17] . In fact, the sample used in this study obtained scores reaching only~65-75% of values the possible poorer stability of a first trial, the intersession analysis was completed for the following two obtained by matched controls in the normative study [17] . session scenarios: using a mean of the second and third trial (2-3), and using a mean of the first two trials (1) (2) .
The HAQ score is widely accepted as a valid, reliable and responsive measure of physical function for patients Paired t-tests demonstrated significant systematic changes between the first and second assessment sessions with RA. The present study demonstrated that gait speed alone at the normal SSS accounted for 39% of ( Table 3) , mostly at the normal SSS. In contrast, there were no significant systematic changes demonstrated the variance in the HAQ score and gait speed at the fast SSS alone accounted for 47% of the variance in the between the second and the third assessment sessions ( Table 4) . The results of the ICC(2,1) 95% CI are given HAQ score. The present study established that, particularly when for both inter-session analyses ( Table 3 and 4) . At the normal SSS, the lower 95% CI range from 0.60 to 0.70 a second assessment session is used as the baseline, gait speed, cadence and stride length provide extremely reliwhen the first assessment session is used as a baseline ( Table 3) . These values increase markedly to 0.88-0.96 able data with minimal systematic measurement error at both SSS. The unreliability of a baseline derived from when the second assessment session is used as a baseline ( Table 4 ). This increase in relative reliability is not as a first assessment session is a well-documented statistical phenomenon [18] and is possibly exacerbated in gait marked at the fast SSS.
analysis due to subjects' need to adapt to the equipment.
Potential responsiveness
It is recommended, therefore, that any uncontrolled or poorly matched clinical trial use a second pre-A potentially responsive measure will have a low variability in within-subject differences score in stable subjects intervention assessment to assess real benefit gained in biological measurements. When a first assessment sesin comparison to a change score that represents a clinically important change [8] . Table 5 lists the mean sion is to be used as a baseline measurement, this study, together with a previous study in subjects with within-subject standard deviation or variability in intersession scores in these symptom stable subjects and osteoarthritis of the knee [19] , demonstrated the superior reliability of gait at the fast SSS compared with gait again demonstrates the superiority of using a second assessment session as a baseline.
at the normal SSS. Further research is needed to determine whether the better reliability of the fast SSS is due to the testing sequence which allowed adaptation to the Discussion equipment at the fast SSS or due to the greater variability present in the submaximal effort (normal SSS) as docuQuantitative gait analysis, using a simple computerized system, has the advantage of being a performance-based mented with muscle testing [20] and slower functional movements [21] . measure of disability that is not dependent on patient report or observer judgement. It should be noted that Potential responsiveness to change can be evaluated by comparing the intra-subject standard deviation of the reported results are dependent on strict adherence to the standardized protocol outlined in Methods.
scores in stable subjects and comparing it with what is considered a clinically meaningful change [8, 9] . In fact, For a measurement to be considered suitable to assess outcome, the measurement must fulfil validity, reliability when the 30 RA subjects of the present study were assessed after receiving specialized footwear [12] , gait and responsiveness to change criteria. Discriminant
